MAGNETIC RESONANCE APPARATUS 

This is a conttniution of copending application Scr 
Na 07/441,637 fUed on Nov, 27ri989:oow.b^^^^ 5 

This ittveaUoo reUtea to nu^neUc rcaonuic« rMR) 
apparatus. \ ' 

MR apparatus includes, inter aUa, a nugoet systera 
for produdng a homogeneous sutic ma^etk field of 
high strength in which the object to be examiaed* e-g. 10 
unaged, is positioned during eumingtioo, and which 
serves to defwe ui equilibrium uis of maffnetie align* 
mcnt of nuclei within the object 

One particular appUcation of MR apparatus U the 
examination ofpatienu for medical diagnostic purpose. 1^ 
Such apparatus is often designed so as to ba capable of 
examining any desired part of the whole body of a r - 

H^^J^fJ^'^^ •y^^^ ®^ • •o<»Ued •Vhoi.t 
body MR apparatus is necessarily quite bulky and 
wherct as is normally the case* the patient is inserted ^ 
mto the apparatus whilst lying horizontaUy in the direc- 
tion of the bead-to-toe axis of the patient, the MR appa- 
ratus together with the associated patient handling 
equipment requires a large fioor area to acootnmodate 
It, I.e. has a large so-called ••footprint-. ^ 

It is an object of the present invention to provide an 
MR apparatus wherein this problem is allevUted. 

According to the present invention there is provided 
an MR apparatus including a magnet system including a ^ 
nugnetic core arrangement which is shap^ so as to 
provide in a gap between a pair of opposed surfaces of 
the core arrangement a sutic magnetic field for defining 
an equUibrium axis of magnetic alignment of nuclei 
within an object under cxamlnaUon; and an object han- -i. 
dhng equipment Including an object support member of 
elongated form adapted to support an object for exami- 
nation and capable of translational movement iiva plane 
transverse to the direction of the magnetic field in said 
gap in a direction transverse to the longitudinal axis of ^ 
saad support member, the extent of lald movement being I 
sufTioent to allow an object on said tup|v»tm^Vy 

pwitionjubsumL^ \ 

Typically said plane is orthpiSSTiraErmagnetlc 45 
field direction. ^3 

Preferably uid support member U further capable of 
transUtional movement in said plane in a second direc* 
tion at an angle to the fint*menUoned direction of trans- 
Utional movement at least when said support member is vj 
at a position such that said object is within said gap 

Preferably said first-menUoned and second directions 
are respectively orthogonal to and parallel to said longi- 
tudinal axis. ^ 

In one particular embodiment of the invention said 35 
lupport member is capable only of tnmsUtional move- 
ment in said plane. 

In another particular embodiment of the invenUon 
said support member is also capable of routional move- 
ment about axes normal to said plane. ^ 

Where the apparatus is a whole body MR apparatus 
for examining patients, said suppon member U suiubly 
adapted to support a paUent whilst lying horixontilly 
with the head-to-toe axis of the paUent parallel to said 
longitudinal axis of the support member. 

Several MR apparatuses in accordance with the in- 
vention will now be described, by way of example, with 
reference to the accompanying drawings in which: 
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rJliii.^J *"'«^ UlMtretlng • nugneUc core tr. 
ruigement of i ougaet tyMciD of a lint apptratui ac 
J cording to the inveatioa; w 
FIOS. 3. 4 and 8 are respectively diagrammatic plan. 
«de «d end view, of ch« magnetic core arrangeo^t 

10 J12«ii^i»~"*"'«"»*"»"«'«««»«»vefo^ 
CT^*?*?** *?■" of tint apparatuc 

no. 7 1, a diagram UluMrating a magneticcowTa^. 

tat^ISS ' ***** ■*^'"* *■ •«»rdance with the 
'^^•••» •diagrammatic plan view of the maanetic 

« ffS'tiTiJii-eStr^^*^''-*^*^^ 

noSteSSfLM«.°' *' which are diag. 

^«fJ^ u^^* "JWiuiea, include an elecut 
SS2i. lET^'^ • main 
21 f!S^!"!y*»«*<»"««*P between two pole ptec» 
core arrangement of the elecSoma^ 

SSLlltST^* " ««''«W»g ooU (not ihown). InuS 
of theapparatu. a patient 9 to be imaged U placed in ^ 

30 Sf^"^,!^* *^ lying horiiSSTy on a 
30 (upport member of • patient handling cquipmrat (not 
•hown) to that the head-to^ axi* of ^e Mtirat 3il 
orthogonal to the direction of the majpiSic nSdSi 
gap. The atrength of the field in the mo b^ween Se 

35 trolled by a computer 5 via a main magnrt control 

'»«jn. 7 which control, the .«ppIylKnSISS 
to the electromagnet eoer8i.ingcoU. "»«»"eni 

9 IhLeb^«^T'!f''~''!^f*/«^'*»«""«y««*«> 
™.t-!f. }^ injpoied on the tutic 

nugnetic field in the gap between the pole pteL 1 to 
•ny one or more of three orthogonal dSectiMTThe 

S.J?';-,'? i; *• "«'«*«^/'»y • ^•dien«^S^nS,T 
mean. 11 under control of the computer 5. 
^^The apparatu. fUrther include, an r.f. antenna .yit^ 

wU'lr"!!^,^^^!:' •electively connecuble by 
way of a tranunit-recdvc awiteh IS dtiier to an r f 
tranwtitter 17 or a receiver 19. The tran^Sr I7 b 
opmted under control of the oomputerSito aSly r f 

I^^lf*?" ftwnance excited to the Sdy 

T^J'y ^ •>««» " and pasied viathtf 

35 " under SmSi of £J 

^^Sl^Lirr*^ the tlgnal. to prodSS^ri%2' 
reprwenttog an image of the body 3. Tbe« .JanitaanE 

to thilSSf"*'" of the apparatu. the field provided by 

■mmm 

tennt tyttem 13 producet « Held Bi i« * 

thogonal to U« ..Jtic nS.SrStoJJotlo^'tiTi JpK 
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of nuclei in ihc selected regioo from the direction of the 
tutic ftctd into « pUne orthogomJ to the lUtic Held 
direction. To restrict cxciution to the »clecicd reffion 
the r.f. field pulse is «pplied In cof\Junctlon with mag- 
netic field gr*dienu imposed by the coU tystam 9, the 5 
frequency of the r.f. field being chosen in cof\Junction 
with the magnitudes and directions of the impoeed ffra* 
dienu so that the Larmor frequency of cbotea protons 
in the body, eg. hydrogen protons, b equaJ to tbc r.f. 
Held frequency only in the selected regian. lo 

The r.f. d^aals resulting from cxciution are then 
•patlally encoded by applicaUoo of one or more Airther 
gradient magnetic fields io kno%^ mannert detected by 
the antetua system IS and processed to produce an 
image. 15 

Normally a number of exdution and signal detection 
•oquencea are required to produce sufndent dau to 
produce a utisfactory image. 

Instead of using a T-R switch, the antenna system 13 
may comprise separate transmitting and receiving coil 20 
arrangemcntt respectively connected with transmitter 
17 and receiver 19. j 

In one embodiment of the apparatus of FIO. 1 in 
accc-dance with the present invention, the electromag- 
net is of the so-called four-posur bed type, i.e. the mag- 23 
netic core arrangement of the electromagnet it similar 
in shape to a four-poster bed. as shown in FIO. 2. Thus 
tht yoke Joining the pole pieces 1 comprises horizonul 
spaced apart planar rectangular base and roof portions 
25 and 27 Joined by vertical posu 29, one at each cor- 30 
ner, with the pole pieces 1 extending towards one an- 
other from the centre of the base and roof portions 25 
and 27 respectively. 

Referring to FIOS. 3, 4 and 5, the patient handling 
equipment of this embodiment comprises a lower hori- 35 
xontal rectangular planar ubie portion 31 mounted with 
its jonger axis parallel to the long er, horixontal axis' o£ 

gQf* Arrangement on rails or rollen-,3*^ [ (not 
*^^) ] .Just above the face of the lower pJe piece 1, so 
« to be slidable in a horizontal plane in a direction 40 
ortlwgonal to the longer axis of the core arrangement. 
On itt upper surface adjacent a longer side the uble' 
portion 31 carries an elopgat€d.tectAngulat,patient,»up-^ 
port member or platte^^ 

^igiggtten-Hrc ywH^ in the direction 45 

of iu longer axis, which axis U parallel to the longer axis 
of the Uble portion 31. . 

The patient platter 33 is thus capable of translational 
movement in two directions in a plane orthogonal to the 
direction of the magnetic fteld in the gap between the 50 
pole, pieces 1, the two directions being respectively 
orthogonal and parallel to the longer axis of the platter , 
33, as indicated by arrows A and B in FIO. 3. 

^ use of the apparatus theu^£.^5(^^ 
^tSSSLS^ core arra ngement from th e side at which' tl>e 55 
pUUer3rff^^]g|;^^ 

<jk<gy^!gArrow A Ortho gonal to its teSiCTia rtoa 

PSBtloaJbLwBW^ 

5>SakJW ihownlnTiarEnSln noTiTT^epaaS^^ 
placed on the platter 33 and the table ixmion li^id, ^ 

extends centrally, throuflh^the^ap^h^w^ the pole 
pieces, as shown in chain-dotted lines in FIQ. 3. The 
platter 33 can then be slid along the uble portion 31 in 65 
the direction of arrow B, ie. the direcUon of itt longer 
axis, to bring the particular section of the patient's body 
It U desired to image to a posiUon centrally between the 
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pole pieces 1. if necessary passing between the closer 
spaced pairs of the posts 29, as shown in chain-dotted 
unes in5 ^" * 



antenna system 13 is suitably carried on the 
pauent platter 33 and where, as is normally the case, it 
IS required to surround the patient's body, it may be of 
a hinged construction to allow side access to the platter 
33, as illustrated in dotted lines in FIG. 5. 

It will be appreciated that the form of patient han- 
10 dhng equipment iUustrated in FIGS. 3, 4 and 5 is also 
suitoblc for use with magnetic core arrangement of 
C-shape, as illustrated in FIG. 6, 

Where the magnetic core arrangement is of so-called 
H-fonn, as illustrated in FIG. 7, Lc the pole pieces 1 are 
13 jomed by a yoke 35 of planar rectangular form with the 
pole pieces 1 positioned centrally on opposite limbs of 
Uie yoke 35, a patient handling equipment 37 of similar 
form to that iUustrated in FIGS. 3 to 5 may be used 
However, in this case the longer axis of the patient 
20 support platter 39 is at an acute angle to the longer axis 
of the core arrangement 41. as illustrated in FIG. 8, and 
the^atifflij>JattetL39J a.ilidable in twp ortlyftgnp.frrfi^. 

^Qj^ Jg^giSl^XJgSQ^^ a lower table 43 

^^jjg^^y ^^ resp ecttoge^gbet e^rgjgggg^ 

" geoLSii* ine platter 39 when slid intoTpSBoTad^a- 
ccnt the gap between the pole pieces 1 by movement in 
direcoon C orthogonal to iu longer axis is then able to 
be slid in direction D so as to pass diagonaUy through 
the core arrangement 41 via the gap between the pole 

30 pieces 1. 

In further embodiments of the invention, suitable for 
use with magnetic core arrangements of any of the 
above-descnbed forms, the patient-handling equipment 
comprises a patient support member arranged for rota- 
35 uonal motion as well as translational motion. 

One such embodiment is illustrated in FIGS. 9 and 10 
wherein a four-poster bed magnetic core arrangement 
^ IS shown by way of example. In the embodiment of 
FIGS. 9 and 10 t he patient handling equipment com- 

^^^^^^cHrUa central position OTiuTSff^; 
I S mountfed-6h one cninpfyh"6ftz5 nt5rS^^ 

^ m turn, mounted for pivotal mnti/.n ^K^„y ^ 

"i£gLg^^f ^7 fixed with respectlTSrS^^, 
rangemc^S3»5::^~*~*^^*''^^ 
The support member 47 is thus capable of transla- 
50 tional motion, with its longer axis parallel to the longer 
honzonlal axis of the core arrangement 45. in directions 
orthogonal and parallel to its own longer axis, as indi- 
cated by chain-dotted lines in FIGS. 9 and 10, in cxacUy 
the same manner as the platter 33 of FIGS. 3 to 5 In 
55 addition, the support member 47 is capable of rotational 
movement m a horizontal plane at any position reached 
by the traxlslational movement. 

Such an arrangement exhibits several advantages 
For exMnple, if space permits, when the patient is re- 
60 moved from the core arrangement, the member 47 may 
be rotated through 90* to the position indicated by 
dottwl hne 59 in FIG. 9 to permit access to both sides of 
a patient. In addition, positioning of the patient's head- 
to-toe axis other than parallel to the longer axis of the 
65 core airangement 45 U possible, and the direction of the 
patient s head-to-toc axis may be reversed without re- 
moving the patient from the support member 47 The 
latter feature may be of particular benefit if Uie available 



